Architectural sketching with the computer has been possible for some time now. Using manual and optical digitizers architects have been able to create images similar in structure and appearance to conventional sketches on paper. Digitized sketches are traditionally associated with early design but are also increasingly linked to interactive interfaces and information management. The paper reports on the application of a new technology (Anoto) that uses a digital pen on specially prepared paper. The focus of the application was feedback from analogue documents to the computer programs used for preparing these documents and on the roles of freehand sketching in later design phases. Sketching with digital pen and paper was found to be useful for the management of annotations made on analogue versions of digital information, especially in multi-actor synchronous and asynchronous situations.
SKETCHING AND THE COMPUTER
Architects have been making and processing sketches with computers for some time now, even though in many respects sketching looks like an afterthought in design automation. Freehand sketching with the computer has developed in the margins of CAD hardware. The combination of graphics tablets with pen-like pointing devices has provided the basic means for manually digitizing drawings. Manual digitizers are characterized by low user threshold, as their mechanical and ergonomic properties are similar to these of familiar analogue media (Woessner, Kieferle, and Drosdol 2004, Lim 2003) . Arguably more important for the transfer of analogue images to the computer have been optical digitizers (scanners), which produce pixel images. This makes optical digitization less attractive for several applications but in terms of utility scanners provide more flexibility, tolerance and ease. They accept a wider variety of analogue documents and hence allow the user to make full use of analogue skills -as opposed to the weaknesses of manual digitizers in mechanical aspects of sketching, i.e. the interaction of the drawer's anatomy with furniture and drawing materials (Van Sommers 1984) . Manual digitizers also exhibit limitations in terms of cognitive ergonomics. For example, sketching with most tablets involves constantly looking away from the hand and frequent interruptions for giving commands. Most attempts to alleviate such problems combine the functionalities of the graphics tablet with those of the monitor (e.g. tablet PC, palmtop).
The quality of the digital images produced by either optical or mechanical devices is adequate for most tasks. Digitization is particularly successful in the paradigmatic dimension, i.e. the graphic components of a drawing. These are normally registered with an accuracy and precision that allow for high legibility and extensive digital processing. On the other hand, the syntagmatic dimension, i.e the sequential creation of the drawing, remains rather elusive. This is less due to technological limitations and more because of the lack of specific, focused requirements. When available the ability to record and play back strokes is frequently neglected as a gimmick.
Sketching is generally associated with early, conceptual design. The development of early design tools has relied heavily on sketching input (Do 2001), while the transfer of a sketch to the computer generally concerns the transformation into measured drawing or 3D model (Jozen, Wang, and Sasada 1999) . Consequently, the emphasis has remained on the paradigmatic dimension (Koutamanis 2001), the symbolic content of the sketch and digitization quality. The paradigmatic dimension has also provided inspiration and means for abstract symbols, generative actions and manipulations in interactive interfaces for digital environments (Do 2001, Achten and Jessurun 2002), as well as for visual indexing and retrieval (Do 2002) .
In recent years freehand sketches have started receiving attention beyond the early design phases, mostly thanks to new approaches to information integration and collaborative design. These have led to a number of tools and digital environments where sketches play several roles. Internet collaboration environments make extensive use of freehand sketching for annotating digital documents, e.g. in markup and redlining in CAD document viewers or whiteboarding. Some environments go even further and recreate the architect's analogue workplace also with respect to visual information management, including sketches and freehand annotations. Similar transfers of analogue environments also underlie interactive visualization or 3D modelling. In the resulting compound environments freehand sketching is an attractive option for interaction because of its apparent simplicity (Lim 2003): it makes interfaces more compact because of familiarity with the interaction metaphor.
The significance of using sketching beyond the purposes of early generative activities is also acknowledged in cyclical models of visual thinking, such as the ARC (act-reflect-change) cycle and the ETC (express/test cycle) model. Such models stress something that architects and designers already know but possibly do not fully appreciate: reflection, testing and modification of a design are all served by sketches and freehand annotations. In architecture, design and engineering "sketches and drawings are the basic components of communication; words are built around them" (Henderson 1999). The complex, weakly structured or even chaotic "muddling through" in explorations of divergent approaches and solutions that characterize the early phases form a mode that continues to be applicable throughout the design process, especially in analysis and revision. A main difference is that early phases tend to keep precedents implicit and give the impression of starting from scratch, while later phases operate against an explicit background of drawings and decisions: Sketching and drawing are also seen as a neutral way of focusing collaborative activities on common tasks and of mirroring the discussions in a group.
